Field values of horizontal hydraulic conductivity measured in the upper 1.5-5.5 m of a weathered and fractured clay-rich till were strongly influenced by smearing around piezometer intakes, which occurs during augering, and by the physical scale of the measuring device. Values measured in conventional augered piezometers were typically 1-2 orders of magnitude lower than those measured in piezometers designed to reduce smearing. Measurements of hydraulic conductivity in small-scale seepage collectors or piezometers, which typically intersect fewer than 10 fractures, vary over a much greater range, 10-l0 to 10-6 m/s, than large-scale values based on infiltration into 5.5-m-deep trenches which intersect thousands of fractures (range 10 -7 to 3 x 10 -7 m/s). Values of hydraulic fracture aperture, 1-43/zm, and fracture porosity, 3 x 10 -5 to 2 x 10 -3 , were calculated using the cubic law with fracture orientation/distribution measurements and the small-scale hydraulic conductivity measurements. This paper provides the first reliable determination of the magnitude and spatial distribution of hydraulically derived fracture parameters in a clay deposit. The absence of such data has, until now, severely limited the application of quantitative groundwater flow and contaminant transport models in this type of deposit.
The orientation and spacing of fractures can often, but not always, be measured in excavations or core samples. Ruland et al. [ 1991] mapped fractures in 5-to 6-m-deep excavations at a site in southwestern Ontario and found that although most of the fractures had visible weathering and staining, there were also some with no visible staining. It was not clear whether these unstained fractures were preexisting features or whether they were caused by stress relief in the excavation. They also concluded that the predominantly vertical fractures would be very dift•cult to detect in conventional core samples from vertical boreholes. Keller et al. [1986] in an investigation in the Canadian prairies showed that hydraulically active fractures existed in a clay till which showed no visible weathering or oxidation staining....The existence of the fractures at depths of !2-18 m was inferred from the high values of hydraulic conductivity measured in p!ezometer slug tests and from the rapid response of these piezometers to pumping from an underlying aquifer.
Measurement of hydraulic conductivity values in a fractured clay is problematic and can be influenced by two factors: first, disturbance caused by stress changes during sampling, testing or installation of measuring equipment; and second, the physical scale of the test. Laboratory-measured hydraulic conductivity values are expected to be most sensitive to stress changes during sampling or testing which can either increase (as reported by Grisak Water levels or water pressures in the weathered and unweathered clays at the site were monitored using standpipe piezometers [Ruland et al., 1991; part along these surfaces. In the nearby landfill unstained fractures with no evidence of roots were observed below a depth of 6 m, but it is probable that many of these were caused by the excavation and subsequent drying out. It was not possible to directly measure fracture aperture.
In the weathered zone the most prominent fractures were vertical, slightly rough, planar features which tend to f0m columnar structures ( Figure 5 ). Vertical fracture sets showed a weak north-south/east-west preference, and intersections were often orthogonal. In the upper 3 m there were where Tf is the dimensionless time factor (1 at steady state) and c•, is the coefficient of consolidation, equal to Kmatrix/S s and having a value of 10 -7 m2/s (from oedometer tests, Table 1 conductivity values (1.6-2.6 x 10 -7 m/s) were calculated for the trenches based on the average or seasonal discharge/ injection rates and the measured hydraulic gradients. Flow was assumed to enter/leave the trenches through all four sides, and the hydraulic conductivity inside and outside the field cells was assumed to be equal.
Hydraulic Conductivity From Collectors
Discharge rates were measured for each of the seepage collectors in the two receiver trenches by attaching a plastic bag to the collector tube and allowing it to collect discharge for up to a week. The measured discharge rates for each collector (typical plots shown in Figure 11 ) tended to vary, with high values often occurring during periods of precipitation. There were also periods of low or no discharge in individual collectors. In many cases these were accompanied by air in the tubing, probably caused by leakage at the 
Comparison of Field Methods for Measuring Hydraulic Conductivity
The methods of measuring hydraulic conductivity used in this investigation are influenced to different degrees by the factors of (1) disturbance, in the form of smearing which can reduce hydraulic conductivity, or stress relief which can cause fractures to open and hence increase hydraulic conductivity; and (2) physical scale of testing. The influence of smearing is assessed first by comparing measured values (Table 2) ?Fracture aperture and porosity calculated based on measured field hydraulic conductivity using cubic law except where specified. 
